OAA decarboxylase is a biotin-containing enzyme and requires Na+ for activity; it was originally described by Stern (16).
This pathway consists of two enzymes, citrate lyase (E.C. 4.1.3.6), which is cytoplasmic and catalyses step 1 below, and oxalacetate (OAA) decarboxylase (E.C. 4.1.1.3), a membranebound enzyme which catalyses step 2 below. citrate = oxalacetate + acetate (citrate lyase) (1) oxalacetate -pyruvate + CO2 (OAA decarboxylase) (2) OAA decarboxylase is a biotin-containing enzyme and requires Na+ for activity; it was originally described by Stern (16) .
O'Brien and Stern demonstrated that anaerobic growth of citrate requires sodium in the growth medium (13) and Stern and Sachan (Fed. Proc. 29:932, 1970 ) showed sodium to be required for the catabolism of citrate in CO2 in cell suspensions. It is thought that these sodium requirements are due to the sodium requirement of the OAA decarboxylase. Based on the membrane location of the OAA decarboxylase and the observation that citrate is a competitive inhibitor of the enzyme, Sachan and Stern (15) have proposed a model for citrate transport in which OAA decarboxylase serves as a carrier protein for citrate across the cell membrane.
Membrane vesicles have been prepared by the method of Kaback (7) , and properties of citrate uptake in the vesicles are described in this paper. Membrane vesicles provide an opportunity for studying the uptake process with- Enzyme assays. OAA decarboxylase activity was measured in an assay mixture containing 100 mM potassium phosphate buffer (pH 8.0), 50 mM NaCl, 10 mM OAA, and 100 to 125 Mg of vesicle protein in a finaT volume of 1 npl. The OAA solution was made up immediately before use, and assay tubes containing OAA were kept at 0 to 5 C at all times except during the incubation and final spectrophotometric readings. The assay tubes were incubated at 30 C for 10 to 20 min. The reaction was terminated by the addition of 0.2 ml of 30% trichloroacetic acid, and the precipitate was removed by centrifugation. The clear supernatant fluid was diluted 1:10 with distilled water, and residual OAA, and sLubequently pyruvate, were determined by following the oxidation of nicotinamide adenine dinucleotide, reduced form, at 340 nm with crystalline malate dehydrogenase (E.C. 1.1.1.37) and lactate dehydrogenase (E.C. 1.1.1.27) as described by Stern (16) . These assay mixtures contained 100 mM potassium phosphate buffer (pH 6.6), 10 RESULTS When vesicles were prepared from Klebsiella aerogenes grown anaerobically on sodium citrate medium, citrate uptake was observed, and it was dependent on the addition of an electron donor. Uptake in the presence and absence of D-lactate is shown in Fig. 1 (Fig. 3) , and the uptake exhibited requirements for Na+ and D-lactate.
The Km for the uptake of (pncj,)-(4S)-4-hydroxycitrate was estimated to be 4.5 x 10-4 M. It is not clear why the amount of hydroxycitrate accumulated was higher than the amount of citrate accumulated, but it may be due to some citrate clevage within the vesicles by residual citrate lyase. The Because of the volatility of acetate on chromatography, we have not been able to demonstrate the presence or absence of radioactive acetate directly by chromatographic techniques. DISCUSSION Citrate uptake as described in this paper is similar to the uptake of amino acids and sugars found in membrane vesicles by Kaback and co-workers (reviewed in [8] ) in being energized by the oxidation of D-lactate or the ascorbatereduced phenazine methosua,ate system. Our cells were grown anaerobically and metabolized citrate by the citrate fermentation pathway; during growth, citrate uptake must be energized by an anaerobic system, and the citrate carrier, (15) . This low affinity for citrate resembles that found in B. subtilis by Willecke and Pardee (19) . The affinity observed for potassiumdependent transport of citrate in aerobically grown K. aerogenes, strain UGa-1, by Wilkerson and Eagon (4, 17) is higher, 2.5 x 10-6 M. The possibility that there may be several citrate transport systems, with separate roles in aerobic and anaerobic growth, as well as strain differences in citrate transport clarified in a recent paper by Wilkerson and Eagon (18) , seems quite likely.
The requirement for sodium in citrate uptake in the vesicles resembles the growth requirement for sodium when K. aerogenes NCTC 418 grows anaerobically on citrate (13). We do not know yet whether the sodium is co-transported with citrate, as magnesium is in the citrate transport system in B. subtilis, as shown by Willecke et al. (20) . If the model proposed for citrate transport in K. aerogenes by Sachan and Stem (15) is correct in that the sodiumrequiring OAA decarboxylase also serves as a carrier protein for citrate, it may be that the sodium requirement for citrate transport is quite specific in this system.
We have not observed a high rate of transport of citrate in the vesicles, compared with the rate of OAA decarboxylase in the vesicles and the overall rate of CO2 production from citrate by the citrate fermentation pathway in cell suspensions. Extrapolation from the curve for hydroxycitrate uptake, which gives the highest observed rate of uptake, allows an estimate for the first minute of 3.2 nmol per mg of vesicle protein per min. The activity of OAA decarboxylase in the vesicles is 0.4 and 0.1 umol per mg of vesicle protein per min, which would allow a more rapid flux of citrate through the citrate fermentation pathway. Measurement of transport in vesicles prepared to preserve the anaerobic energy-coupling mechanism will hopefully help to reconcile this descrepancy.
One useful feature of the observation of (pncit)-(4S)-4-hydroxycitrate uptake is that it suggests that this citrate derivative may be used to study uptake without subsequent catabolism in whole cells possessing the transport system described in this study. (5) , as these authors point out, and such inhibition implies that fluorcitrate has been transported into the cells.
